A new study shows that DNA damage not only elicits response pathways directly related to DNA repair but also induces a response that extensively overlaps with the pathogen infection pathway and confers resistance to both oxidative stress and heat shock.
(over 175,000 amino acid sites) to over 5000 genes (over 3 million amino acid sites). Based on partitioned maximum likelihood and Bayesian analyses of their data sets, they obtained a strongly supported tree (all nodes are supported by 100% likelihood bootstrap values and a posterior probability of 1.0). All analyses supported a novel result: ants and Apoidea -the clade that includes four solitary hunting wasp families plus the bees -are sister groups. Previous studies, based on both morphology [20] and molecular data [13, 14] had suggested that ants were more closely related to ectoparasitic wasps (such as Scoliidae, Tiphiidae, and Bradynobaenidae) than to the clade that includes hunting wasps and bees (Apoidea). Johnson and co-authors' analysis [10] suggests otherwise. Apoidea (including hunting wasps in the families Heterogynaeidae, Ampulicidae, Sphecidae, and Crabronidae, plus bees) and Formicidae appear to be sister groups. Likelihood-based methods for evaluating alternative hypotheses indicate that their data set can significantly reject alternative topologies, further supporting the view that their results are robust to changes in tree topology. Vespidae, the other major clade of eusocial aculeates, arises as sister to all Aculeata excluding Chrysidoidea, indicating that vespid wasps are distantly related to ants and Apoidea. While nodal support in their tree is high based on bootstrap proportions and posterior probabilities, sparse taxon sampling and a distantly related outgroup might just be leading to incorrect, but strongly supported, phylogenetic conclusions. Future studies with broader taxonomic coverage will provide additional tests of this hypothesis.
If true, the close phylogenetic affinities of ants and Apoidea would have significant implications for understanding the evolutionary origins and prerequisites for eusociality. Ants, Apoidea, and Vespidae are all groups in which females construct a nest to which prey (or pollen) is transported. Hunting wasps (and bees) are behaviorally sophisticated central-place foragers that must fabricate a nest from soil or other materials, learn landmarks associated with the location and chemical cues associated with the identity of their nest, transport prey (or pollen) over long distances, and defend the nest against predators and parasites. Nest construction, provisioning, and central-place foraging have been identified as potential prerequisites for the evolutionary origins of eusociality -a view supported by Johnson et al.'s [10] analysis. While the new phylgenomic results contradict previous molecular and morphological studies in terms of the affinities of ants and Apoidea, a recently described fossil [10] that has been alternatively placed in the ants and the basal Apoidea (Ampulicidae) might suggest that ants and Apoidea are more closely related than we had previously believed. This might just be a case where fossils and genomes converge on the same radical, anti-establishment view of aculeate phylogeny.
can extend lifespan by hormetic mechanisms [1] . By analogy, surviving continuous stress related to being misadvised and ill-guided as a PhD student might result in an all the more successful academic career. In a recent study, Ermolaeva et al. [2] report the important observation that animals subjected to a variety of stressors, such as ionising and ultraviolet radiation, and surprisingly also pathogen infection, show improved survival when later exposed to heat shock and oxidative stress.
One would conventionally assume that the DNA damage response is a cell-autonomous process; sensing of the DNA lesions leads to a transient delay in the cell cycle that allows for the efficient repair of the DNA damage [3] . If the damage cannot be fixed, cells are eliminated through a programmed cell death pathway known as apoptosis [3] . What the authors of the recent study show, using Caenorhabditis elegans as an organismal model system, is that DNA-damage sensing in the germ line appears to be a much more general phenomenon because they found that it initiates a stress response pathway in somatic tissues [2] . Previous studies in C. elegans had found no evidence for further resistance to DNA-damaging agents upon initial low doses of radiation [4] . In contrast, Ermolaeva et al. [2] now show that wild-type animals, which normally die very quickly at the elevated temperature of 35 C or when treated with paraquat (a reagent that generates reactive oxygen species), survived substantially longer if they were previously subjected to sub-lethal doses of either ionising or ultraviolet radiation. It is likely that the relevant DNA-damage sensing occurs in the germ line, as animals without a germ line are not resistant to heat shock upon irradiation treatment. DNA double-stand breaks are considered to be the most toxic lesions caused by ionising irradiation. The authors, undertaking an elegant set of experiments, show that DNA double-strand breaks, but not oxidative damage associated with ionising irradiation, leads to somatic stress resistance [2] . In the germ line, DNA double-strand breaks are generated naturally by the SPO-11 nuclease in order to facilitate meiotic recombination [5] . Ermolaeva et al. [2] find that mutant animals in which such lesions are not repaired properly and/or persist much longer [6] [7] [8] are also stress resistant, whereas spo-11 mutants, which cannot generate DNA double-strand breaks, have a reduced level of somatic stress resistance [2] .
The DAF-16 FOXO transcription factor is required to prevent premature aging and to protect against heat shock and oxidative stress [9] . DAF-16 also mediates longevity upon C. elegans germ line depletion [9] . In contrast to these findings, Ermolaeva et al. [2] show that DNA-damage-induced heat stress resistance is independent of the DAF-2/DAF-16 insulin pathway. Moreover, the 'conventional' DNA-damage checkpoint pathway, which is required for activation of DNA repair and cell-cycle arrest [10] , as well as the conserved machinery mediating the apoptotic demise of C. elegans cells [11] are both dispensable for the observed somatic stress resistance [2] .
How is it then that the DNA-damage induction in the germ line activates a stress resistance pathway in the somatic tissues? The important clue came from the analysis of the transcriptome of animals subjected to ultraviolet radiation [2] and ionising radiation [12] . Ermolaeva et al. [2] show that genes that are induced following both types of radiation are also induced upon infection with pathogenic bacteria. It appears that the increased expression of the secreted C-type lectin domain proteins, which are thought to have antimicrobial functions [13] , is the common denominator. Indeed, the detailed analysis of the interactions between the DNA-damage-induced stress resistance and the pathogen infection response shows a clear overlap. For instance, either treating animals with ionising radiation or preconditioning them with non-pathogenic bacteria induces resistance to infection by pathogenic bacteria [2] . Furthermore, animals treated with sub-lethal doses of ionising radiation and animals infected with pathogenic bacteria are both resistant to heat stress [2] . It has been shown that MAP kinase signalling by the p38 MAP kinase PMK-1 mediates the expression of antimicrobial peptides in the gut, conferring protection against pathogens [14] . Ermolaeva et al. [2] show that the ERK MAP kinase MPK-1, which is activated upon ionising radiation in the germ line [15] , is necessary for DNA-damage-induced stress responses. While the DNA-damage-induced somatic stress resistance requires a germ line, presence of a germ line is not essential for the somatic stress resistance upon pathogen infection [2] . This is in line with other studies in which pmk-1 was shown to function in the gut upon pathogen infection [14] . Irrespective of this, both the MPK-1 and PMK-1 MAP kinase pathways activate the expression of innate immune response genes [2] , the majority of which are secreted antimicrobial proteins (Figure 1) .
In trying to understand the effectors of the observed stress resistance, Ermolaeva et al. [2] made a surprise finding. Induction of chaperones by the transcription factor heat shock factor 1 (HSF-1) is known to have a role in stress resistance and ageing [16, 17] . However, even though the hsf-1 mutants were more sensitive to heat-induced stress, hsf-1 mutants still exhibit stress resistance to heat shock when preconditioned with irradiation [2] . Instead, the authors found that general protein stability
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Heat shock and oxidative stress resistance lonising / UV radiation Figure 1 . DNA damage and pathogen infection both activate stress resistance in somatic tissues. Sensing of the DNA damage caused by ionising radiation and ultraviolet radiation activates the MAP kinase MPK-1 in the germ line and induces the expression of innate immunity genes in somatic tissues. Similarly, pathogen infection induces the expression of similar innate immunity genes through the activation of the p38 MAP kinase PMK-1 in the gut. In both situations, increased expression of the innate immunity genes leads to increased protein turnover and animals show resistance to heat shock and oxidative stress.
appears to be affected by DNA damage. Using a ubiquitin::GFP reporter system, they provide evidence that DNA damage leads to a general increase in protein turnover ( Figure 1 ). The finding that RNAi-mediated depletion of core proteasome components blocks DNA-damage-induced heat shock resistance bolsters this hypothesis. All in all, Ermolaeva et al. [2] provide strong support for the notion that 'anything that doesn't kill you makes you stronger'. What makes this study particularly appealing is the fact that phenomena that have been largely studied in tissue culture and in single-celled organisms have now been explored in intact animals. It will be interesting to study more broadly the interaction of the DNA-damage response with general stress responses and aging pathways. It will also be essential to assess the generality of these findings in other organisms. Finally, it will be important to investigate how DNA-damage signalling is emitted from the germ line to somatic tissues. Clearly there are many follow-up studies to come. How is it that Oct4, a transcription factor that controls pluripotency in stem cells, also controls lineage specification? A recent study investigating common Oct4 targets in vertebrate species indicates an evolutionarily conserved role in mediating cell adhesion. This finding may help decipher Oct4's versatility in governing stem cell behaviors.
Ryan T. Wagner 1 and Thomas P. Zwaka 1,2, * Stem cells are defined by two different qualities: they can either divide endlessly, maintaining their pluripotent state, or they can differentiate into myriad specific cell types. This dual potential is mirrored in the behavior of the three canonical transcription factors -Oct4, Sox2, and Nanog -that both govern stem cell self-renewal and determine cell fate decisions [1] . For example, Oct4 is induced during TFG-b signaling to promote the specification of cardiac mesoderm through cooperation with canonical Wnt signaling [2, 3] . How can one factor promote both the maintenance of stem cell identity and determine specific cell fates? More puzzling still, these transcription factors bind to thousands of targets in the genome, and in fact bind to many of the same targets [4] . Genomic analysis has been instrumental in detailing unique gene regulatory networks and epigenetic states in pluripotent cells [1, 5] , but the cellular milieu in which these factors are expressed likely imparts context-dependent activity that is less accessible to high-throughput sequencing technology. To provide a complementary perspective to the question of how developmentally relevant transcription factors exert cell fate control, Livigni et al. [6] took an evolutionary approach, as reported in this issue of Current Biology, by studying Oct4 targets conserved across three vertebrate species.
Oct4, a homeodomain transcription factor of the POU family, has been conserved to some degree throughout vertebrate development. POUV factors expressed in Xenopus and Axolotl not
